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(54) Planar antenna and radio apparatus comprising the same 

(57) A planar antenna comprises a ground plate 102 and a conductive plate 101 arranged in parallel. The 
conductive plate 101 has a ground terminal 104, a feed terminal 105 and means 107 - 109 of forming a further 
ground connection terminal arranged such that it will change the resonant frequency of the antenna. Each of 
the terminals is arranged at separate positions. A.dielectric spacer 103 may be located between the plates 101, 
102. The plates may be formed by metal deposited and etched on either surface of a dielectric substrate. The 
terminals may be L-shaped with the ground terminal 104 located between the other terminals with the 
distance between the terminals being equal to or less than one third of the circumference of the conductive 
plate. There may be one or more means of forming a further ground connection which may include a relay, 
diode or transistor switch. The antenna my be used in radio apparatus. 
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PLANAR ANTENNA AND RADIO APPARATUS 
COMPRISING THE SAME 



The present invention relates to a planar antenna and apparatus 
comprising the' same, 

and In particular to an Isiprovement o£ a planar antenna for radio 
apparatuses such as digital mobile telephones and other portable 
radio transceivers. 

A planar inverted-P antenna which can be miniaturized has 
been widely used In mobile coimnunication apparatuses such as 
portable radio telephones. Since the frequency rsuige which 
provides acceptable antenna gains is relatively narrow ( gener2LLly , 
4-5%), however, there have beeftx proposed several antenna 
structures which can be used in a plurality of frequency bands 
or a wider frequency range. In em example of conventional 
anteiuias, two antennas having different resonance frequencies are 
used to provide two usable frequency bainds. In another 2mtenna. 
the volume of a element is doubled to substantially widen the 
frequency range. 

Further, a patch antenna has been disclosed in Japanese 
Patent Unexamined publication No. 62- 188504 • This conventional 
antenna is provided with an adjuster for connecting two radiation 
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elements or adjusting the amount of overlapped areas of the two 
radiation elements to achi ve a wider frequency range where 
acceptable antenna gains are obtained. 

However, the ^bove conventional antennas need a plurality 
of radiation elements or the doubled voliame of a radiation element . 
Such a large element cannot be suitable for mobile apparatuses 
such as portable telephones. On the other hand, the patch atntenna 
needs a mechanical means for moving the radiation elements. 
Therefore^ it is difficult to obtain a stable auitenna 
characteristic and rapid switching of^ euitenna frequency bands. 
Further, since the large amount of energy is required to move the 
radiation elements, the power consumption of a portable telephone 
is Increased. 



An object of at least the ^r^T^TT^<^ enbcxllinaits of the present Invention 
ts to provide a 

small-sized planar antenna which can achieve a wide usable 
frequency range. 

Another such object . is to provide a 

small-sized planar antenna which can rapidly select one of a 
plurality of resonance frequencies with reliability. 

Still another such object is to provide 

a radio appeiratus which uses a small- sized planar Invert ed-F 
antenna to rapidly select one of a plurality of frequency channels 



Accordingly, the present invention provides a planar antenna comprising a 
ground plate, a conductive plate facing the ground plate, the conductive plate having 
5 a ground terminal at a first position thereof and having a feed terminal at a second 
position spaced from the first position, and means for changing a resonant frequency 
of the antenna by electrically connecting the conductive plate to the ground plate at 
a third position which is spaced from the first and second positions. 

According to a preferred embodiment of the present invention, an antenna 

10 resonance frequency is changed by inaeasing the number of electrical connections of 
a conductive plate to the groimd plate at predetermined positions of the conductive 
plate. In other words, the planar antenna includes a ground plate and a conductive 
plate arranged in parallel to the ground plate. The conductive plate has a ground 
terminal at a first position thereof and has a feed terminal at a second position thereof 

15 which is different from the first position. The planar antenna is provided with a 
frequency changer which changes the antenna resonance frequency by electrically 
connecting the conductive plate to the ground plate at a third position which is 
different from the first and second positions. 

Therefore, a wider frequency range can be obtained without the conductive 

20 plate increasing in area or volume. In the case where the planar antenna is employed 
in a radio apparatus such as a portable telephone, the radio apparatus can widely 
change in receiving frequency by the frequency changer. Tlierefore, it is suitable for 
a radio communications system in which a plurality of frequency channels in a wide 
frequency range are selectively changed. 

25 Accordingly, in a second aspect the present invention provides radio apparatus 

comprising a planar antenna as described above, a radio system connected to the feed 
terminal of the antenna, and a controller for controlling reception of a radio signal by 
the apparatus. 

Preferred features of the present invention will now be described, purely by 
30 way of example only, with reference to the accompanying drawings, in which:- 
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P±g, lA is a perspective view showing a planar inverted-P 
antenna according to a first embodiment; 

Fig. IB is a diagram showing a frequency response of voltage 
standing wave ratio (VSWR) of the planea: inverted-F antenna; 

Pig . 2 is a schematic block diagram showing the radio section 
of a radio apparatus using the antenna unit; 

axiA / 

Fig. 3 is a perspective view partly in section^ showing a 
planair inverted-F antenna according to a second embodiment. 



Referring to Fig. lA. there is shown a planar inverted- 
F antenna having a conductive plate (or a radiation element) 101 
which receives radio waves. The conductive plate 101 has a 
rect2Uigular shape of LaXLb and faces a ground plate 102 substantially 
parallel thereto. Tte plates are separated by a spacer 103 nade of dielectric. Ln.the case 

of a portable telephone, the ground plate 102 may be the conducting 
box of the portable telephone. 

The conductive plate 101 is provided with a ground terminal 
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104 at a predetermined position on a shorter side of the 
rectangular conductive plate 101 • The ground terminal 104 is bent 
at a right angle to the conductive plate 101 and then the end 
portion of the ground terminal 104 is further bent at a right angle 
5 to form a contact portion parallel to the ground plate 102. The 
contact portion of the ground terminal 104 is fixed to the ground 
plate 102 by soldering or the like. Therefore, the conductive 
plate 101 is stably supported by the spacer 103 and the ground 
termineLl 104. 

10 On the side of the rectangular C9nductive plate 101, a feed 

terminal 105 is formed at a distance of Lc from the ground terminal 
104. The feed terminal 105 is similarly bent to form a contact 
portion parallel to the ground plate 102. The contact portion 
of the feed terminal 105 is electrically connected to a radio 

15 receiver (not shown) through a hole 106 formed in the ground plate 
102-.- The hole 106 is designed to prevent contact betwe^ the feed terminal 105 

and the ground plate 1*02 . The distance Lc is determined 

so as to match the impedance of the feed terminal 105 to the input 
impedance of the radio receiver- Needless to say, the position 

20 of the feed terminal 105 is not limited to^on one side" of the 
conductive plate 101. It may be provided at a position withdLn 
the plane of the conductive plate 101. 

The conductive plate 101 is further provided with a 
freqpiency switch terminal 107 which is formed at a distance of 

25 Ld from the ground terminal lOA and on the opposite side of the graund tenninal to 
the feed -terminal 105 • The frequency switch terminal 107 is similarly 
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bent to form a contact portion parallel to the ground plate 102 
in which a hold 108 is formed at the position of the contact portion 
of the frequency switch terminal 107 • The contact portion of the 
frequency switch terminal 107 is connected to the ground plate 
5 102 through a switch 109 which Is controlled by a controller. 
Therefore^ when the switch 109 is closed or on, the frequency 
switch terminal 107 is electrically connected to the ground plate 
102 and^ when open or off, it is disconnected from the groxind plate 
102, 

10 The switch 109 is pref erably a siMLLl-sized switch so as to 

connect the frequency switch terminal 107 to the ground plate 102 
without adding impedance. For example, a reed relay and a small 
switch moTinted in a TO -5 c>ase or the liXe may be used. Further, 
in the case where rapid switching is needed, a semiconductor 

15 switching device such as a PIN diode switch and a transistor switch 
may be used, 

ReferrdLng to Fig. IB^ t^ere is shown a frequency response 
of the planar inverted-F antenna of Pig. lA depending on whether 
the switch 109 Is on or off. When the switch 109 is off,, an 

20 equivalent length L of the circumference of the conductive plate 
101 is represented by L=»2La+2Lb. In this case, the voltage 
standing wave ratio ( VSWR ) is minljnized when f =f 1 . In other words , 
f 1 is a first antenna resonance frequency- When the switch 109 
is on, the frequency switch terminal 107 Is also grounded through 

25 the switch 109, resulting in a reduced equivalent length 

L=2La+2Lb-Ld. In this case, the VSWR is minimized when f =f 2. The 



frequency £2 Is a second antenna resonance frequency which is 
higher than the f 1 depending on the distance Ld. 

Therefore ^ the longer the distance Ld, the higher the second 
antenna resonance frequency f2. However^ as the dlstsmce Ld 
5 becomes larger, the radiation pattern of the antenna Is 

deteriorated. Therefore, It Is preferable that the distance Ld 
between the ground terminal 104 and the frequency switch terminal 
107 is equal to or less than one third the circumference of the 
conductive plate 101. 

10 As described above, the antenna resonance can be made at 

two frequency bands fl and f2 by controlling the switch 109- 
Therefore, a wider frequency range can be obtained without the 
conductive plate 101 Increasing in area or volume. In the case 
where more than two switches 109 are connected at different 

15 positions, the antenna resonance is obtained at a plurality of 
frequency bands, allowing fine changing In antenna resonance 
frequency. Further, slnce^the on/off control of the switch 109 
changes the antenna resonance frequency, rapid frequency changing 
can be performed with relatively low power consumption and with 

20 reliability. 

The planar inverted-F antenna as shown In Fig. lA can be 
employed in a portable telephone terminal used in a communications 
system using a plurality of frequency channels such as a TDMA ( time 
division multiple access) mobile communications system where a 

25 plurality of predetermined frequency channels are selectively 
received. 
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Ref erxlng to Fig . 2 , tliere is shown a radio apparatus such 
as a portable telephone which is provided with the planar 
invert ed-P antenna. The radio apparatus is comprised of an 
antenna unit 10 and a radio system 20 / The antenna unit 10 includes 
the planar inverted-F antenna as shown in Fig. lA and the radio 
system 20 includes a radio tremsmitter (not shown) ^ a radio 
receiver 201 and a controller 202. The radio receiver 201 
receives a xadio- frequency signal from the conductive plate 101 
of the antenna luiit 10 through the feed terminal 105 and then 
performs frequency-conversion and demodulation to produce a 
received signal. A processor (not shown) receives the received 
signal to inform a user of received data through man*machine 
interface (not shown). 

The controller 202 controls the radio receiver 201 and the 
radio transmitter, and further controls the switch 109 of the 
antenna unit 10. More specifically, as described before, when 
the antexma resonance frequent^ is set to fl« the controller 202 
turns the switch 109 off. On the other hand, when the antenna 
resonance frequency is set to f2, the controller 202 turns the 
switch 109 ottT- In this manner, the radio apparatus can widely 
chan ge in receiving frequency by, switching the switch 109 of the 
antenna unit 10. Therefore, it is suitable for a radio 
communications system in which a plurality of frequency channels 
in a wide frequency range are selectively changed. 

Referring to Fig. 3, there is shown a second embodiment of 
a planar inverted-F antenna. 
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The planar Inverted-F antenna has a conductive plate (or a 
radiation element) 301 and a ground plate 302 formed on the 
respective sxirfaces of a dielectric substrate 303 made of 
insulating material such as Teflon. The conductive plate 301 has 
a rectangular shape of La^XLhi. More specifically, the 
conductive plate 301 and the ground plate 302 are formed by etching 
metal plates such as copper on the surfaces of the dielectric 
substrate 303^ respectively. 

The conductive plate 301 is electrically connected to the 
groxind plate 302 through a ground terminal 304 at a predetermined 
position on a shorter side of the rectangular conductive plate 
301 • The ground terminal 304 is formed by a through-hole of the 
dielectric substrate 303* On the side of the rectsingular 
conductive plate 301, a feed terminal 305 is formed at a distance 
of LCx from the ground terminal 304. The feed terminal 305 
electrically connects the conductive plate 301 to a radio receiver 
(not shown) through a hole 306 formed in the ground plate 302. 
The hole 306 is designed to p.revent contact between the feed terminal 305 
and the ground plate 302, The distance Lc^ is determined so as 
to match the impedance of the feed terminal 305 to the input 
impedance of the radio receiver. Needless to say, the position 
of the feed terminal 305 is not limited to on one side of the 
conductive plate 301. It may be provided at a position within 
the plame of the conduct iv plate 301. 

The conductive plate 301 is further provided with a 
frequency switch terminal 307 which is formed at a distance of 
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Ld^ from the ground terminal 3CA and an thg opposite side of the ground terminal 304 to the 
feed tezmlnal 305, The groiuid plate 302 has a hole 308 formed 
at the position of the end portion of the frequency switch terminal 
307 so that the frequency switch terminal 307 is not in contact 
5 with the ground plate 302 • The frequency switch terminal 307 is 
connected to the ground plate 302 through a switch 309 which is 
controlled by a controller. Therefore, when the switch 309 is 
closed or on, the frequency switch termineLL 307 is eiectrlcally 
connected to the ground plate 302 and, when open or off, it is 

10 disconnected from the ground plate 3Q2. 

As described in the first embodiment , it is also preferable 
that the distance Ld^ between the ground termineLL 304 and the 
frequency switch terminal 307 is equal to or less thsm one third 
the circumference of the conductive plate 301. In the second 

15 embodiment , more than two frequency switch terminals may be formed 
to achieve fine frequency changing. Since the operation of the 
second embodiment is similar to* that of the first embodiment as 
shown in Fig. lA, the description of its operation is omitted. 
According to the second embodiment as shown in Fig . 3 , since 

20 the dielectric substrate 303 is sandwiehed between the conductive 
plate 301 and the ground plate 302, the conductive plate 301 
reduces in size depending on the dielectric constaint s of the 
dielectric substrate 303. More specifically, when the switch 309 
is off, an equivalent length L of the circumference of the 

25 conductive plate 301 is represented by L=2Lai+2Lbi. Therefore, 
the antenna resonance frecjuency fl is a frecjuency which 



2La, + 2Lb, = X/2 e,^, 
where X is a wave length corresponding to the antenna resonance frequency fl. 
5 Therefore, the size of the conductive plate 301 is smaller than that of the conductive 
plate 101 of Fig. lA by e,^. Further, the dielectric substrate 303 stably supports the 
conductive plate 301 and the ground plate 302, resulting in stable antenna radiation 
characteristic. 

According to the first and second embodiments, the ground terminal, the feed 
10 terminal and the frequency switch terminal are connected to the side of the conductive 
plate. However, these connection positions are not limited to them. They may be 
provided at positions within the plane of the conductive plate. 

Each feature disclosed in this specification (which term includes the claims) 
and/or shown in the drawings may be incorporated in the invention independently of 
15 other disclosed and/or illustrated features. 

The text of the abstract filed herewith is repeated here as part of the 

specification. 

A planar antenna includes a ground plate and a conductive plate arranged in 
parallel to the ground plate. The conductive plate has a ground terminal at a first 
20 position thereof and has a feed terminal at a second position thereof. The planar 
antenna further includes a frequency change switch which is used to change the 
antenna resonance frequency by electrically connecting the conductive plate to the 
ground plate at a third position which is different from the first and second positions. 
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CLAIMS 



1. A planar antenna comprising: 
a ground plate; 

5 a conductive plate facing the ground plate, the conductive plate having a 

ground terminal at a first position thereof and having a feed terminal at a second 
position spaced lErom the first position; and 

means for changing a resonant firequency of the antenna by electrically 
connecting the conductive plate to the ground plate at a third position which is spaced 
10 from the first and second positions. 

2. A planar antenna according to Claim 1, further comprising a dielectric spacer 
sandwiched between the ground plate and the conductive plate. 

3. A planar antenna according to Claim 1, wherein the ground plate and the 
conductive plate arc formed on surfaces of a dielectric substrate by etching metal 

15 plates on respective sides of the dielectric substrate, 

4. A planar antenna according to any preceding claim, wherein the first position 
lies between the second and third positions. 

5. A planar antenna according to any preceding claim, wherein a distance between 
the first position and the third position is equal to or smaller than one third of the 

20 circumference of the conductive plate. 

6. A planar antenna according to any preceding claim, wherein the position of the 
third position is variable. 

7. A planar antenna according to any of Claims 1 to 5, wherein the frequency 
changing means comprises: 

25 an L-shaped terminal connected to the conductive plate and extending towards 
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the ground plate; and 

means for selectively electrically connecting the conductive plate to the ground 

plate at the third position. 

5 8. A planar antenna according to Claim 6, wherein the frequency changing means 
comprises: 

a plurality of L-shaped terminals each connected to and spaced along the 
conductive plate and extending towards the ground plate; and 

means for selectively electrically connecting the conductive plate to the ground 
10 plate at each of the third positions. 

9. A planar antenna according to Claim 7 or 8, wherem the connecting means 
comprises one of a reed relay, a PIN diode switch and a transistor switch. 



10. Radio s^paratus comprising: 

a planar antenna according to any preceding claim; 
L5 a radio system connected to the feed terminal of the antenna; and 

a controller for controlling reception of a radio signal by the apparatus. 

11. Radio apparatus according *o Claim 10, wherein the controller is operable to 
control the frequency changing means. 

12. Radio apparatus according to Claim 10 or 11, wherein the frequency of the 
20 signal to be received by the apparatus is one of a plurality of frequencies of signals 

which are receivable by the apparatus, and wherein the frequency changing means is 
connectable at a plurality of positions from which the third position is selectable, the 
second position and the third positions corresponding to said frequencies. 

13. A planar antenna substantially as herein described with reference to and as 
25 shown in Figure lA or Figure 3 of the accompanying drawings. 
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14. Radio apparatus substantially as herein described with reference to and as 
shown in Figure 2 of the accompanying drawings. 
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